The main bands in the calcium carbonate infrared spectrum used for identification of calcium carbonate were the carbonate out-of-plane bending ν 2 (875 cm -1 in calcite and 866 cm -1 in ACC) and the in-planebending peak, ν 4 (712 cm -1 in calcite, 744 cm -1 in vaterite and not present in ACC). The ratio of these two peaks provides an additional measure of the disorder or lack of symmetry in the carbonate's environment, as well as the extent of crystallization. 1 The ratio is small in pure calcite (~1.4) due to its well-organized crystal structure, while it is markedly larger in ACC (larger than ~3 in some biogenic ACC structures 2 ). 2mM-PAA-ACC nanoparticles ( Figure S1A , blue curve) show a distinct peak at 866 cm -1 and a broadened peak below 800 cm -1 , indicating that calcium carbonate is in a fully amorphous state.
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While these peaks became a single peak at 875cm -1 after 24 hours of exposure to ambient air, indicating partial crystallization of ACC, they remained unchanged for a period of three days in an inert nitrogen atmosphere ( Figure S2C ). These results indicate that the polymer in 2mM-PAA-ACC stabilizes ACC and prevents any subsequent crystallization, while the smaller polymer content in 0.2mM-PAA-ACC is less efficient in stabilizing ACC upon prolonged exposure to humid air (40-50 %RH).
EtOH-ACC nanoparticles (SI, Figure S2A , red curve) exhibit a spectrum characteristic of ACC, with a well-defined peak at 866 cm -1 , and broadened peaks in the 700-750 cm -1 regions. After ~4 h of exposure to ambient humidity, the broad peaks start to sharpen ( Figure S2B ), which is indicative of the increasing presence of both calcite and vaterite. After 24 hours of exposure to ambient air, only the calcite peak was detected, while the ν 2 /ν 4 ratio decreased until it was only marginally larger than the characteristic ν 2 /ν 4 ratio of calcite. Nevertheless, the crystallization of ACC was hindered by storing the synthesized material in an inert nitrogen atmosphere ( Figure S2D ). 
Thermogravimetry of ACC nanoparticles
The thermal decomposition of 2mM-PAA-ACC and 0.2mM-PAA-ACC nanoparticles ( Figure S4 Kinetics of mineralization Ultraviolet-visible spectrophotometry PAA solutions (0.2 and 2mM) were complexed with Ca 2+ (100 mM) for 5 hours by stirring gently at 300 rpm. After 5 hours of complexation, ammonium carbonate (100 mM) was introduced into the polymer solutions to begin the mineralization process of PAA-ACC. To study the mineralization of EtOH-ACC, a 2mM ethanolic calcium chloride solution was placed in a sealed container with ammonium carbonate. At selected periods of time spanning a period of 5 hours, a 1-ml aliquot of each solution was transferred to a clean cuvette for UV-Vis measurements. A UV spectrophotometer (Shimadzu, UV-2450) was used to obtain total absorbance measurements of the mineralizing nanoparticles in solution. Nanopure water and ethanol were used as the background measurements. Three separate measurements were collected at each point for each sample. 
Indentation maps in ambient air
The samples were exposed to ambient air for 4 h during the indentation measurements. Each single extension curve on at least 6 indentation 2D maps per material were fit to the DMT model 3 to estimate the Young's modulus of the nanoparticles. The variability observed in the 2D indentation maps is also reflected into a distribution of elastic moduli for each system, as shown in Figure S9A . A trimodal distribution with peak means at 1.59±1. Once the maximum load of the measurement was achieved, the tip was immediately retracted, exhibiting considerable adhesion under all conditions. The hysteresis between the indentation curves upon loading and unloading is reflected in the difference between the elastic moduli obtained by fitting the DMT model to the approach and retraction curves ( Figure S9B ). In contrast to the results in a dry N 2 -atmosphere, Fig- ure S9B shows a larger discrepancy between retraction and extension E-moduli for 2mM-PAA-ACC and 0.2mM-PAA-ACC.
The integration of the area between the approach and retract indentation curves gives the elastically and inelastically dissipated energy (W) throughout the indentation test. 4, 5 As shown in Figure S9C -D, larger energy is dissipated by 0.2mM-PAA-ACC and 2mM-PAA-ACC nanoparticles, while EtOH-ACC nanoparticles dissipates the smallest amount of energy. This trend can be correlated to the adhesion energy, which is highest for the two PAA-ACC materials.
A log-log plot of the elastic modulus versus the dissipated energy yields also here a nearly linear correlation ( Figure S9C ); a power law with an exponent of -0.33 and -0.21 describes this relationship for 2mM-PAA-ACC and 0.2mM-PAA-ACC nanoparticles, respectively, while for EtOH-ACC nanoparticles, the exponent (~-0.22) is not very different from the value in dry N 2 . We note that the dependence of the dissipated energy on the elastic modulus is much weaker for PAA-ACC in ambient air than in the N 2 -atmosphere. It is thus possible that PAA-hydration enhances the viscoelastic response of PAA-ACC, and hence, the dissipated energy due to the viscous component of the deformation. The presence of water could lead to the formation of a capillary meniscus that increases the attractive force independently on the elastic modulus, and hence, adhesion. However, the decrease in adhesion for EtOH-ACC does not support this phenomenon. 
